Prevalence of and factors associated with enamel fracture and other traumas in Brazilian children 8-10 years old Abstract: The aim of this study was to assess the prevalence and discriminate the associated factors between enamel fractures and other trauma/trauma sequelae in 8 to 10-year-old Brazilian schoolchildren. A representative sample of 1,201 children from public and private schools were enrolled in this cross-sectional study. Questionnaires about sociodemographic characteristics were answered by parents. The outcome variable (traumatic dental injury, TDI) was multi-categorized. Independent individual variables were sex, age, number of residents in household, parents/caregivers' level of education, family income, dental caries, and overjet. Type of school was considered an independent contextual variable. Multilevel analysis, bivariate, and multivariate multinomial logistic regression models were performed. The prevalence of TDI was 14.0% (2.8% with other trauma/trauma sequelae). The multilevel analysis revealed no significant difference between the type of school and TDI. The multinomial logistic regression showed that boys (OR = 2.3; 95%CI: 1.1-4.8), older children (OR = 1.8; 95%CI: 1.1-3.0) and individuals with an overjet > 3 mm (OR = 2.5; 95%CI: 1.0-6.2) were more likely to present other trauma/trauma sequelae. Enamel fracture was not significantly associated with any variables. The prevalence of TDI in 8 to 10-year-old schoolchildren was 14% but only 2.8% of other trauma/trauma sequelae. Differences regarding the associated factors of TDI involving enamel fracture or other trauma/trauma sequelae were detected, suggesting that the different TDI classification cannot be evaluated as a single category.
Sheyla Márcia AUAD (a) Mauro Henrique Nogueira Guimarães de ABREU (b) Fernanda SARDENBERG (a) Milene Torres MARTINS (c) Saul Martins PAIVA (a) Isabela Almeida PORDEUS (a) Miriam Pimenta VALE (a) Introduction Traumatic dental injury (TDI) can be an irreversible oral condition characterized by life-long debilitating effects, such as pain and aesthetic, psychological, social, therapeutical, and financial problems.
1 In addition, TDI might also impact on the oral health-related quality of life (OHRQoL) of young patients and their families.
2,3 TDI in permanent teeth is a common oral disorder, and according to a recent meta-analysis, is estimated to affect around 20% of children, 4 being most frequent in 8 to 10-year-old individuals. 5, 6 TDI can vary from a small concussion or enamel fracture, to complicated crown fractures or large displacements, and to tooth loss. 7 Although enamel fractures have minor consequences and may not even be noticed by the affected individuals and their families, 8, 9, 10, 11, 12 other trauma, considerably more visible and/or severe, may be considered a serious public oral health problem. 13 Despite the different consequences of enamel fracture and other trauma, there are few studies assessing those differences, especially in children aged 8 to 10 years. Most previous studies assessing TDI focused on a binary outcome (present or absent) including enamel fracture in the same category of other trauma. 9, 10 There are few published statistical models available that evaluate the prevalence of and factors associated with TDI classifying this outcome in multiple categories of severity. 14, 15 Studies addressing the prevalence and associated factors of oral disorders are vital for the establishment of preventive and/or educative measures in the public healthcare system. Indeed, there has been a need for the development of evidence-based recommendation to guide public authorities and oral healthcare policy makers. Therefore, the aim of this study was to assess the prevalence and discriminate the associated factors between enamel fracture and other trauma in 8 to 10-year-old children.
Methodology Ethical issues
The research project was approved by the Human Research Ethics Committee of the Universidade Federal de Minas Gerais, Belo Horizonte, Brazil (Parecer n o . 0465.0.203.000-09). Written statements of consent were read and signed by parents/caregivers and children prior to their participation in the study. The present study was part of a previous crosssectional survey in which other outcomes were measured, such as dental caries and malocclusion. 16, 17 Sampling and setting A cross-sectional study was conducted involving a representative sample of 1,201 schoolchildren aged 8 to 10 years, randomly selected through a multistage sampling method from an initial population of 97,487 children, registered at public and private schools of Belo Horizonte, from April to October 2010. Belo Horizonte is the capital of the state of Minas Gerais, which is located in the southeastern region of Brazil, and has a population of approximately 2,375,151 inhabitants distributed across nine administrative districts.
18 Type of school (public and private) was considered a contextual variable. In Brazil, type of school is indicator of socioeconomic condition where children from higher socioeconomic conditions generally attend private schools and children from lower socioeconomic conditions mainly attend public schools. 16 To ensure representativeness, the sample was stratified according to the nine administrative districts. The first stage was the randomization of public and private schools in each administrative district of the city. In the second and third stages, classes and children were randomly chosen from the selected schools (proportionally to the total number of children enrolled in the schools).
Sample size calculation
A sample of 1,201 children allowed a power of 99.9%, and 95% confidence interval (CI), based on a previous Brazilian study on association between dental trauma with overjet (overjet < 3mm: 13.1%, overjet > 3mm: 28.6%). 19 
Eligibility criteria
The inclusion criteria consisted of children aged 8 to 10 years and the presence of upper and lower permanent incisors. The exclusion criteria were children wearing fixed orthodontic appliance and with cognitive disorders, according to the report of their teachers.
Pilot study and calibration
A pilot study was carried out to test the feasibility of the study, the dental examination, and the questionnaires; the method proposed was feasible. The examination was carried out by two dentists who were previously trained and calibrated for each clinical condition. The calibration process involved theoretical and clinical exercises. 16, 17 TDI was evaluated through Andreasen criteria. 20 The Dental Aesthetic Index (DAI) criteria were used for malocclusion. 21 In this study, however, for malocclusion assessment, only overjet was considered. 22 Inter-examiner kappa ranged from 0.71 to 1.00 after examination of 70 children (TDI = 0.71; malocclusion= 1.00). Intra-examiner kappa values were between 0.90 and 1.00 after examination of 50 children two weeks later (TDI = 0.90; 0.91; malocclusion= 0.93; 1.00). 23 
Data collection
Clinical data such as TDI and overjet were collected by clinical examination carried out in schools. The oral examination was performed in classrooms by two dentists previously calibrated, using sterile clinical mirrors and wooden spatulas, under natural light; radiographs were not taken. The dependent variable of interest (TDI) was categorized in no trauma, enamel fracture, and other trauma/trauma sequelae (which included: enamel-dentin fracture with or without pulp involvement, lateral luxation, intrusion, extrusion, avulsion, teeth discoloration and filling of fractured teeth).
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Parents/caregivers answered a self-administered structured questionnaire that included demographic and socioeconomic variables. The sociodemographic data included sex, age, family income, number of residents in household, and parents/caregivers level of education. Family income used the current Brazilian Monthly Minimum Wage in 2010 (BMMW = U$ 258.33). Level of education was measured in number of school years ( Figure 1 ). They were not asked about their children's dental status. Therefore, there was no comparison between questionnaires' data and clinical data.
Statistical analyses
Data were analyzed using the Hierarchical Linear and Nonlinear Modeling (HLM for Windows, version 6.06, Scientific Software International Inc., USA) to perform multilevel analyses and the Statistical Package for the Social Sciences (SPSS for Windows, version 19.0, SPSS Inc., Chicago, IL, USA) for descriptive, bivariate, and multivariate multinomial logistic regression analyses. This study used "no trauma" as the reference category. The "enamel fracture" and "other trauma/trauma sequelae" categories were compared with "no trauma". 14 In the first step, multilevel analyses were used to evaluate the association of contextual and individual variables with enamel fracture and other trauma/ trauma sequelae. 24 Following the descriptive analysis, bivariate multinomial logistic regression models were developed individually to identify explanatory variables (sex, children's age, family income, number of residents in household, parents/caregivers level of education, and overjet) associated with the outcomes. Variables with p value lower than 0.20 were included in the multivariate multinomial logistic regression. Independent variables that did not present significant association with the outcome variable were removed from the model one by one, in least significance order. Explanatory variables with p value lower than 0.05 were maintained in the final model. Adjusted odds ratios (95%CI) were also calculated. 16, 23 Results
Out of the 1,201 schoolchildren, 44.6% were boys. The mean age was 9.8 years (SD = 0.80). Table 1 shows information about distribution of dependent and independent variables among participants. The prevalence of children with TDI was 14%: 11.2% with enamel trauma (n = 135) and 2.8% with other trauma/trauma sequelae (n = 34). Two hundred and four permanent teeth (204) were involved. Most of the children with TDI had only one affected tooth (139; 82.2%); 27 (16.0%) had two teeth affected, and three children (1.8%) had three teeth affected.
The maxillary central incisors were the teeth most frequently affected (68.1%). The most frequent type of TDI was enamel fracture (81.4%), followed by fractured enamel-dentin (8.3%), complicated crown fracture (2.6%), discoloration (2.6%), avulsion (1.5%), and 7.8% children had restorative treatment on the traumatized teeth. The most prevalent other trauma/ trauma sequelae was enamel-dentin fracture without pulp involvement (44.7%). Table 2 shows the analyses of the final estimation of variance components of the "null model" in the multilevel approach, which revealed no significant difference between type of school (public or private) and enamel fracture and other trauma/trauma sequelae in permanent teeth (p > 0.05). Therefore, type of school was not included in the bivariate and multivariate multinomial logistic regression analyses. The bivariate multinomial logistic regression model is shown in Table 3 . Enamel fracture was not significantly associated to any independent variable. Severe trauma was significantly associated with sex, age, overjet, family income, and parents/caregivers level of education. Boys, older children, individuals with an overjet greater than 3 mm, and individuals whose families had a lower income and parents/ caregivers with a lower level of education were more likely to present other trauma/trauma sequelae. Table 4 shows the multivariate multinomial logistic regression. Sex, age, and overjet maintained a significant association with other trauma/trauma sequelae. Boys, older children, and individuals with an overjet > 3 mm were more likely to have other trauma/trauma sequelae. The association of family income and level of education and other trauma/trauma sequelae was attenuated a nd lost stat ist ical sig n i fica nce (p = 0.085; p = 0.444, respectively). 
Discussion
Since TDI in permanent teeth is most frequent in 8 to 10-year-old individuals, 1, 5, 6 representing a special risk group, this study was limited to this age group. Furthermore, they have distinct clinical characteristics as they have mixed dentition. The present study showed that children of 10 years of age also presented more trauma/trauma sequelae. As TDI is an accumulative event, a higher prevalence is expected in older children. This finding may also be explained by the longer exposure of teeth to reckless activities in this age group, increasing the liability to injuries. 1, 12, 25, 26 The results show a relatively high prevalence of TDI, when considering enamel fractures and other trauma/trauma sequelae in a single category. Among the observed TDI, the majority of cases was limited to enamel, corroborating the findings of previous epidemiological studies conducted in schools. 27, 28 This shows that the prevalence of TDI in the permanent dentition is higher when enamel fractures are included. Other trauma/ trauma sequelae, more visible and/or severe, are not only related to physical inabilities, such as pain and functional limitations, but it may also have psychosocial consequences and a negative impact on OHRQoL. Therefore, individuals affected by other trauma/trauma sequelae seek dental treatment more frequently. 2, 11, 29 Differences regarding the associated factors of TDI involving enamel fracture or other trauma/trauma sequelae were also detected in the present study. While other trauma/trauma sequelae showed a significant association with sex, age, and overjet, enamel fracture was not associated with any of those variables. One could argue that minor occurrences on enamel could happen at any time regardless the aforementioned variables. For instance, enamel fractures may be associated with more simple factors, such as misuse of teeth with pencils and bottle caps or an accidental bite on hard food. 30, 31 As such, studies that include enamel fracture and other trauma/trauma sequelae as a single category of TDI and evaluate its consequences, such as treatment seeking, 10 impact on OHRQoL, 9, 32, 33, 34 or even the relationship with associated factors, 27 may not find a significant association between those variables and TDI. This may happen because enamel fracture is an outcome of higher prevalence compared to other trauma/trauma sequelae, 14, 35 and has a minor impact on the lives of the affected individuals and their families. 8, 9, 10, 11, 12 This study confirms that boys are more likely to be affected by TDI. This finding may be related to the fact that boys are more involved in acts of violence and engaged in sports and leisure activities. 29, 36 However, some authors emphasized that this difference has been reduced by the increased participation of girls in risky outdoor activities. 4, 5 The results of the present study showed that an overjet greater than 3 mm was a predisposing factor to other trauma/trauma sequelae. Indeed, an increased overjet is related to the proclination of anterior permanent teeth, which leads to an inadequate lip coverage. 22 In the literature, the association between TDI and socioeconomic indicators is unclear. Our findings showed that children whose families earn less than two times the Brazilian minimum wage per month and have less than eight years of study were more likely to have other trauma/trauma sequelae in the bivariate analysis. Individuals with families with a lower income and lower level of education usually live in poorer areas, where leisure facilities are more deteriorated and unsafe, and the social environment is less supportive. 26 However, socioeconomic status lost significance in the final model, demonstrating that children are subject to TDI, regardless of socioeconomic status.
Although no significant difference in the prevalence of TDI between children of public and private schools was found, this issue must be addressed. Children spend a significant amount of their time in the school and the discussion about healthy environments is thus important. Unsafe and overcrowded places facilitate falls and collisions and, therefore, have been considered a major factor related to TDI. Moreover, schools should be committed towards a more favorable social environment. They are considered an appropriate setting for health promotion for children through the encouragement of healthier habits and friendlier relationships. 37 The present evaluation has limitations that should be acknowledged. The study was conducted in schools without the use of radiographs for the diagnosis of TDI. Therefore, the prevalence of this condition may have been underestimated due to undiagnosed root fractures, root resorptions, pulp necrosis, and pulp calcifications. In addition, the study has a cross-sectional design and, thus, the data do not support a causality relationship between the associated factors examined and TDI.
The results of the present study may be useful for practical purposes. Our findings suggest that enamel fracture should be considered a separate category of other trauma/trauma sequelae, especially when evaluating the consequences of the injury and in the identification of populations at higher risk of TDI. This strategy should be considered in the design and implementation of oral health public services. The present study demonstrates the need for the implementation of preventive and therapeutic strategies for individuals at risk for TDI as well as their families. Preventive strategies should also include the improvement of the environment where those individuals live.
Further studies using a stronger design, such as a case-control and longitudinal assessments will be required to entirely confirm the associations reported herein. Taking into account that the type of trauma may vary according to the place where the study is conducted, future evaluations should also be carried out in reference centers for TDI and emergency services in hospital settings, where other trauma/ trauma sequelae cases are more likely to be notified.
Conclusion
The prevalence of TDI in 8 to 10-year-old schoolchildren was 14% but only 2.8% were other trauma/trauma sequelae. Differences regarding the associated factors of TDI involving enamel fracture or other trauma/trauma sequelae were detected, suggesting that these the two occurrences should not be evaluated as a single category. References
